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TOUCH SCREEN MEASUREMENT CIRCUIT AND METHOD 



BACKGROUND OF THE INVENTION 

The invention relates to simplified resistive touch screen 
systems including a resistive touch screen and an ADC (analog-to- 

5 digital converter) for digitizing x and y coordinates of touch 
points applied to the resistive touch screen, and to switch 
circuitry that energizes such resistive touch screens; the 
invention relates more particularly to circuitry and a method for 
avoiding the effects of variations, especially thermal drift of 

0 the resistances of switches in the switching circuitry, on the 
calibration of the ADC to the touch screen. 

U. S. patent 5,717,321 (Kerth et al . ) issued February 10, 
1998, is believed to constitute the closest prior art. The Kerth 
et al . patent acknowledges that there are two conventional 
5 techniques for energizing a resistive touch screen assembly 
(hereinafter "touch screen"), either by connecting a voltage 
source across the resistive touch screen or by forcing a current 
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through it. The Kerth et al . patent teaches (1) that applying a 
constant voltage across the resistive touch screen wastes power 
because ■ typically there is a wide range in the resistivity of the 
resistor layers of a resistive touch screen; (2) that a class A 
driver is used which must be biased for the lowest acceptable 
resistance of the touch screen; and (3) that the resulting excess 
bias current above that required for touch screens that have 
higher resistance is wasted. 

To overcome these problems, Kerth et al . teach that it is 
desirable to use feedback from the output of an ADC connected to 
the touch screen to control a current DAC that supplies current 
to energize the touch screen to cause a voltage across it to 
equal a desired reference voltage. 

Referring to Fig. 6 of patent 5,717,321 by Kerth et al . , if^ 
the stylus 71 is pressed on the upper surface of touch screen 70, 
that brings the resulting "touch point" of a conductive sheet in 
contact with a resistive layer. The voltage of that touch point, 
and hence the voltage of the conductive sheet, represents the x 
or the y coordinate of the tip of the stylus. Thus, accurate 
position information for the point of contact can be obtained by 
measuring resistive voltage division levels along an x axis of an 
X resistive sheet and a y 'axis of a y resistive sheet, 
respectively, and converting such analog voltages to digital 
numbers which then represent the x and y coordinates of the 
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present touch point (at which the tip of the stylus is pressed on 
the touch screen) . 

If the values of touch screen resistance, contact 
resistance, and/or switch resistance change, for example with 
5 respect to temperature, age, etc..., then the resistive divider 
output voltage produced at the touch point caused by the current 
Ij also changes. Therefore, the touch screen becomes 
"uncalibrated" relative to the analog- to-digital converter 78, 
which converts the analog voltage at the touch point to a digital 
p.0 number Dqut- 

2= The circuit shown in Fig. 6 of patent 5,717,321 attempts to 

C deal with this problem by providing a switch 76 that connects the 

O -Vrep terminal of analog- to-digital converter 78 to ground. A 

B switch 73 also is provided to connect the +Vrep terminal of 

&5 analog-to-digital converter 78 to the output of current DAC 72. 
Current DAC 72 forces a current Is through the "y" axis 
resistance of resistive sheet 74 of touch screen assembly 70. 
Switches 80 and 79 likewise "energize" resistive sheet 75 of 
touch screen 70. A complex feedback circuit controls the current 
20 output by current DAC 72. Note that the voltage produced at the 
output of current DAC 72 is a "floating" voltage that is not 
nearly as stable as the voltage that would be produced by a 
typical voltage reference circuit or a typical power supply. The 
Kerth et al . feedback arrangement substantially eliminates the 
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effect of variation of the switch resistances of switches 73 and 
76 (that are used to energize "y" resistive sheet 74 of touch 
screen 70) or 79 and 80 (that are used to energize "x" resistive 
sheet 75) on the full scale digital output number produced by 
5 analog-to-digital output 78. The feedback also eliminates the 

effects of variations in screen resistance and contact resistance 
on the full scale digital output number. 

However, the feedback arrangement of Kerth et al . fails to 
provide calibration or compensation of resistivity variations 
across the resistive sheets 74 and 75 that result in irftae curat -e^ 
midpoint output voltages thereof. The Kerth et al . feedback 
arrangement also fails to provide any compensation of digitizing 
errors due to thermal drift in the current DAC 72 . 
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SUMMARY OF THE INVENTION 



Accordingly, it is an object of the invention to provide a 
simple, inexpensive touch screen digitizing system in which a 
maximum or "full scale" analog input produced by a touch screen 
5 is calibrated to the full scale digital output of an analog-to- 
digital converter irrespective of thermal drift in resistances of 
switches coupling the touch screen to the analog- to-digital 
converter . 

^ It is another object of the invention to provide a touch 

^0 screen digitizing system of the type described in which the touch 

+: screen produces an analog signal having a large dynamic range. 

O It is another object of the invention to eliminate the 

iO effect of thermal drift in the resistances of switches coupling a 

:h touch screen to reference voltage inputs of an analog- to-digital 

Is converter on a full scale digital output produced by the analog- 
to-digital converter in response to a "full scale" touch point of 
the touch screen. 



It is another object of the invention to provide a touch 
screen digitizing system which avoids inaccuracies that would be 
2 0 caused by thermal drift of a current DAC in a feedback system of 
the type in Fig. 6 in patent 5,717,321 by Kerth et al . 
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It is another object of the invention to generate a ratio — 
metric touch screen touch point measurement value that is 
insensitive to touch screen resistance changes, voltage supply 
changes, and/or reference voltage changes. 

5 Briefly described, and in accordance with one embodiment 

thereof, the invention provides a touch screen digitizing system 
including a touch screen unit including a first resistive sheet 
with opposed x+ and x- terminals and a second resistive sheet 
with opposed y+ and y- terminals, and an analog-to-digital 
So converter having first and second reference input terminals. A 
^ first switch is coupled between a first reference voltage and the 

+ X- terminal, and a second switch is coupled between the x+ 

C terminal and a second reference voltage for energizing the first 

O resistive sheet. A third switch is coupled between the first 

Q5 reference voltage and the y- terminal, and a fourth switch is 
uh coupled between the y+ terminal and the second reference voltage 

for energizing the second resistive sheet. Switching circuitry 
couples an input of the analog- to-digital converter to the y+ 
terminal while the first resistive sheet is energized and the 
20 second resistive sheet is not energized, and also couples the 
input to the x+ terminal while the second resistive sheet is 
energized and the first resistive sheet is not energized. The 
first and third switches are N-channel MOS transistors, and the 
second and fourth switches are P-channel MOS transistors. A 
25 microprocessor generates control signals that are respectively 
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applied to the various gate electrodes of the P-channel 
transistors and the N-channel transistors and to the switching 
circuitry and to a convert input of the analog- to-digital 
converter . 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a schematic diagram of a preferred embodiment of 
the invention. 

Fig. 2 is a block diagram of the ADC 22 in Fig. 1. 

Fig. 3 is an equivalent circuit of the touch screen system 
of Fig. 1 during digitizing of the x coordinate of a- touch point 

Fig. 4 is an equivalent circuit of the touch screen system 
of Fig. 1 during digitizing of a y coordinate of a touch point. 




DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to Fig. 1, touch screen digitizing system 1 
includes a conventional analog resistive touch screen assembly 2 
(hereinafter, "touch screen 2") including a resistive "x sheet" 
5 30 having an x+ terminal connected at contact 50 to conductor 24 
and an x- terminal connected at contact 51 to conductor 27. 
Touch screen 2 also includes a resistive "y sheet" 31 parallel to 
X sheet 30. Resistive y sheet 31 has a y+ terminal connected at 
contact 52 to conductor 2 6 and a y- terminal connected at contact 
J^"0 53 to conductor 25. The x axis of x sheet 30 is orthogonal to 
^ the y axis of y sheet 31. Although x sheet 3 0 and y sheet 31 are 

f of uniform resistivity, two resistances R^i and R^ are shown to 

■O represent the portions of the resistance of x sheet 3 0 on the 

S left side and right side, respectively, of any "touch point" Q at 

Q5 which the pressure of a stylus or the like causes x sheet 30 to 
touch y sheet 31. Similarly, Ryi and Ry2 represent the portions 
of the resistance of y sheet 31 above and below touch point Q, 
respectively . 

The point 50 at which the left edge of sheet 3 0 makes 
20 electrical connection to conductor 24 has a contact resistance 

that can be substantially larger than the "on" channel resistance 
of MOS transistor 18. Similarly, substantial contact resistances 
are associated with contacts 51, 52, and 53 shown in Fig. 1. 
These contact resistances and variations therein prevent the full 
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scale analog output voltages resulting from touch points Q 
located at maximum x and y coordinates of sheets 3 0 and 31 from 
being applied to the +REF and -REF inputs of ADC 22. 

Touch screen 2 also is coupled to an interrupt conductor of 
5 an external microprocessor 4 5 by any of a variety of interrupt 
circuits that can easily be supplied by one skilled in the art. 
An initial touching to touch screen 2 thereby causes 
microprocessor 45 to generate a serial control data word CONTROL 
in DATA that is applied to a D,n input of a control circuit 41 that 

jo preferably is integrated on the same chip as ADC 22. In 
iS response, control circuit 41 generates the necessary switch 

3l control voltages VG,g_i92o,2i etc. and a CONVERT signal on various 

"~ conductors 42, respectively, as needed to cause an ADC 22 to 

|y digitize the x coordinate x^ or. the y coordinate y^ of the present 

M5 touch point Q. (Alternatively, these signals could be generated 
■O directly by microprocessor 45.) For example, a first serial data 

word can cause control circuit 41 to produce the necessary 
control signals on bus 42 to approximately power the system up; a 
second data word can cause control circuit 41 to generate the 
20(y control signals needed to produce a "scan x" operation, ^^a third 
data word can cause a "scan y" operation to be produced. A 
fourth data word can cause a power down operation to be produced 
after all touch points produced on touch screen 2 by a stylus tip 
within a predetermined interval have been digitized. 
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X+ conductor 24 also is connected to the drain of a P- 
channel MOS transistor 18, the source of which is connected to 
+Vcc- A control voltage Vqij produced by control circuit 41 is 
applied to the gate of transistor 18. The x- terminal of x sheet 
5 30 is connected by conductor 27 to the drain of an N-channel MOS 
transistor 19, the source of which is connected to ground. A 
control voltage Vq,, generated by control circuit 41 is connected 
to the gate of transistor 19. 

g Similarly, y+ conductor 26 is connected to the drain of P- 

jSo channel MOS transistor 20, the source of which is connected to 

S +^cc- ^ control voltage Vqjo produced by control circuit 41 is 

z! applied to the gate of transistor 20. Y- conductor 25 is 

connected to the drain of N-channel MOS transistor 21, the source 

^ of which is connected to ground. A control voltage V021 generated 

M5 by control circuit 41 is applied to the gate of transistor 21. 

ADC 22 can be a 12 -bit sampling ADC with a synchronous 
serial interface. The portion of the touch screen digitizing 
system illustrated in Fig. 1 exclusive of the analog resistive 
touch screen 2 and external microprocessor 45 is embodied in the 
20 assignee's recently introduced ADS7843, in which the ADC 22 is a 
conventional successive approximation register (SAR) analog-to- 
digital converter having a CDAC architecture that inherently 
includes a sample/hold function. Fig. 2 shows a block diagram of 
ADC 22, which includes a CDAC (capacitor digital-to-analog 



converter) having its differential outputs connected to the 
inputs of a comparator. The output of the comparator is loaded 
into a successive approximation register (SAR) . The CDAC 
switches are controlled in response to a CONVERT signal generated 
5 by control circuit 41. More details of a typical CDAC ADC are 
disclosed in commonly assigned patent 5,581,254 by co-inventor 
Bernd M. Rundel , issued December 3, 1996 and commonly assigned 
patent application Serial No. 08/942,800 by Bernd M. Rundel, 
filed October 2, 1997 and entitled "FAST WAKEUP BIASING CIRCUIT 
•iO FOR ANALOG -TO -DIGITAL CONVERTER" , both incorporated herein by 
reference. 

+: Referring to Fig. 1, ADC 22 has positive and negative 

^ reference inputs +REF and -REF that determine the range, and 

O hence the full scale digital value, of output Dqut- The +REF 

^5 input is connected by conductor 35 to one terminal of a switch 15 
C= that can connect conductor 3 5 to either x+ conductor 24 or y+ 

conductor 26. The -REF terminal of ADC 22 is connected by 
conductor 36 to one terminal of switch 17, which can connect 
conductor 36 to either x- terminal 27 or y- terminal 25. 
20 Switches 15, 16 and 17 are connected in response to control 

voltages V15, Vjg and V17 produced by control circuit 41. The -IN 
input of ADC 22 is connected to its -REF input by conductor 36. 
The +IN input of ADC 22 is connected by conductor 14 to one 
terminal of switch 16. Switch 16 can connect conductor 14 to x+ 
2 5 conductor 24 or y+ conductor 2 6 in response to control voltage 
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As indicated earlier, if no one has recently touched touch 
screen 2, the system 1 becomes inactive. In the inactive 
condition, transistor 21 is on and transistors 18, 19 and 20 are 
5 off, so neither x sheet 30 or y sheet 31 is energized. If a user 
touches any point on sheet 30, that touch point makes electrical 
contact with a corresponding point of y sheet 31. In response, 
the interrupt circuitry produces the interrupt signal and applies 
P=; it to an IRQ input of microprocessor 45. 

^0 This causes microprocessor 5 to generate the above mentioned 

J serial control word CONTROL DATA and input it to the D,n input of 

control circuit 41, causing it to generate the necessary control 
O signals to execute the above mentioned "scan x" routine by 

O setting Voig to ground and setting Vqj9 to +Vcc (typically +5 

ijs volts) ; this turns transistors 18 and 19 on and energizes x sheet 
30 by applying +^cc volts across the series connection of 
transistor 18, contact resistance 50, x sheet resistance R^^i+R^, 
contact resistance 51 and transistor 19. The x scan routine also 
turns transistor 21 off and connects y+ conductor 26 to the +IN 
2 0 input of ADC 22 by causing switch 16 to connect conductor 14 to 
y+ conductor 26. No DC current flows into the high DC input 
impedance of the +IN terminal of ADC 22, so no current flows 
through conductor 25 or resistance Ry2. The voltage applied to 
the +IN input therefore is exactly equal to the voltage at the 
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touch point Q at the location at which x sheet 3 0 contacts y 
sheet 31. 

Microprocessor 45 generates a CONVERT input to ADC 22, 
causing it to automatically perform its successive approximation 
5 procedure to digitize the value of x^, which is the x coordinate 
of the present touch point Q. 

Fig. 3 shows a simplified equivalent circuit of Fig. 1 
Q during the scan x routine. The full supply voltage volts is 

m divided across the series connection of the channel resistance of 
go transistor 18, the x sheet resistance R^j+R^, and the channel 
il resistance of transistor 19. With x sheet 30 energized, the 

'"^ portion of the voltage drop between x+ terminal 24 and x- 

^ terminal 27 is applied between the +REF and -REF reference 

y terminals of ADC 22. 

15 Consequently, the full scale analog input voltage of x sheet 

30, which is the total voltage drop across its total resistance 
R^,+R^, including the contact resistances of contact points 50 and 
51, is automatically calibrated to the full scale value of Dqut 
determined by the voltage difference between the +REF and -REF 

20 terminals of ADC 22. This is the case even though (1) the total 
resistance of x sheet 30 varies widely (e.g., from roughly 300 
ohms to 2000 ohms) as a result of manufacturing variations and 
temperature variations, and (2) the channel resistances of 
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transistors 18 and 19 also vary widely (e.g., from roughly 5 to 
50 ohms) and even though thermal drift of the channel resistances 
of transistors 18 and 19 is much different than the thermal drift 
of X sheet 30. 

5 At this point, it should be noted that the advantages 

disclosed in the Kerth et al . reference of continuous self- 
calibration to compensate for all changes in resistance of the 
resistive touch screen and associated switches by the complex 
feedback system are not obtained with the present invention. 
^ However, as a practical matter, most manufacturers of touch 
^ screen digitizing systems provide an initial software calibration 

j procedure by a microprocessor .a£- tc?^ pov/er - up (such as 

-4r= .p*^ microprocessor 45 of Fig. 1)^. The software calibration procedure 
0 requires the user to sequentially touch several permanently 

■ST - 

ffl5 marked points at known locations of the touch screen at 

diagonally opposite corners and also at a midpoint of the touch 
screen. The actual locations of these known points then are 
compared with the digitized values of the touch points at those 
locations to obtain correction factors which then are used to 

20 digitize all subsequent touch points during the present use, to 
Ps fully correct errors due to the^screen contacts jrcoiotoro* 50, 51, 
52 and 53 and the variations in the resistances of sheets 30 and 
31. In accordance with the present invention, microprocessor 45 
of Fig. 1 executes such a calibration program. 
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The complex feedback system of Kerth et al . is not needed in 
a touch screen digitizing system that includes such a software 
self -calibration program. The high cost and complexity of the 
feedback-controlled current source circuit described in the Kerth 
et al . patent are probably the reasons why no one, including the 
assignee of the Kerth et al . patent, has ever commercially 
introduced a product using this technique. 

After control circuit 41 has completed the "x scan" routine, 
and before the present touch point Q is either moved by advancing 
the depressed curser tip or eliminated by lifting the curser from 
X sheet 30, control circuit 41 executes a "y scan" routine which 
is similar to the x scan routine, except that y sheet 31 is 
energized instead of x sheet 30. 

Fig. 4 shows a simplified equivalent circuit of Fig. 1 
during the y scan routine. Transistors 18 and 19 are turned off 
and transistors 20 and 21 are turned on, actuating switches 12 
and 15 to connect the +REF terminal of ADC 22 to y+ conductor 26, 
actuating switches 17 and 13 to connect y- conductor 25 to the 
-REF terminal of ADC 22, and actuating switch 16 to connect the 
+IN input of ADC 22 to x+ conductor 24. Control circuit 41 then 
generates another CONVERT signal to cause ADC 22 to digitize the 
yq coordinate of the present touch point Q, which is represented 
by the voltage vision across resistances Ryi and Ry2 producing the 
voltage representing Yq. 
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Thus, in accordance with the present invention, a simplified 
arrangement is provided wherein no feedback from Dqut is provided 
to the touch screen. The +Vrep and -Vrep terminals of the analog- 
to-digital converter are directly connected across the total 
5 resistance of the resistive x sheet or y sheet, so any variation, 
especially thermal drift, in the channel resistances of the 
switch transistors has no effect on the calibration of the full- 
scale output of the analog-to-digital converter to the full-scale 
analog output of the touch screen. The typically used software 
self -calibration of the marked points on the sheets 30 and 31 
g eliminates errors due to contact resistances and non-linearities 

S of the resistances of sheets 30 and 31. Consequently, very 

T; accurate digitizing of touch points is obtained whether or not 

the complex and costly feedback system of Kerth et al . is used. 

Q.5 Therefore, the present invention provides more accurate 

■0 digitization of touch points Q on touch screen 2 at a 

substantially lower cost than if the Kerth et al . current 
feedback system is used, because (1) the complex and costly 
feedback system of the Kerth et al . reference is eliminated, (2) 
20 thermal drift of the current DAC of the Kerth et al . reference is 
eliminated, and (3) the end user's software self -calibration 
program in microprocessor 45 results in calibrations of touch 
points across the touch screen, not just at the maximum x^ and y^ 
points . 
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while the invention has been described with reference to 
several particular embodiments thereof, those skilled in the art 
will be able to make the various modifications to the described 
embodiments of the invention without departing from the true 
5 spirit and scope of the invention. It is intended that all 

elements or steps which are insubstantially different or perform 
substantially the same function in substantially the same way to 
achieve the same result as what is claimed are within the scope 
of the invention. For example, a third conductive sheet which is 
coupled only to conductor 14 could be used to apply the touch 
point voltages on both the x and y resistive sheets to ADC 22 . 
Also, circular (rather than rectangular) resistive sheets could 
be used to convert the touch points to polar coordinates. 
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